As experiment was conducted with 15 Angus • Hereford heifers that were 16 mo of age at the time the experiment was initiated. The heifers were assigned randomly in equal numbers to be fed low (L), maintenance (M) or high (H) energy diets for 191 d. Overall average weight for heifers at the time the experiment was initiated was 294 + 6 kg. All heifers were exhibiting estrous cycles at regular intervals and estrus was synchronized using a progestogen implant (norgestomet) in combination with an injection of estradiol valerate and norgestomet before initiation of dietary treatments. Dietary treatments started at time of implant removal and this day was designated as d O. Blood samples were collected every other day from d 150 to 160 and progesterone concentrations were quantified to evaluate estrous cycle activity. In order to resynchronize the reproductive state, all heifers were retreated with norgestomet implants and injected with the estradiol valerate and norgestomet combination on d 160. Implants were removed on d 170. Serial blood samples were collected for 4-h periods at 20-min intervals starting at 0, 10, 20 and 30 h after implant removal and luteinizing hormone (LH) concentrations were quantified. Progesterone was quantified in samples collected at daily intervals (170 to 191 d) to evaluate whether a normal estrous cycle occurred subsequent to removal of the imp/ant. Four of five heifers in each of the L and M treatment groups were not cycling, whereas all heifers in the H treatment were cycling at the time of progestogen implantation on d 160. All but one of the 15 heifers showed signs of behavioral estrus within 72 h after removal of the implant. One, two and five of the five heifers fed the L, M and H diets, respectively, had normal estrous cycles subsequent to implant removal. Treatment influenced mean serum LH concentrations (P<.01) and frequency of LH pulses (P<.01). Mean LH concentration was also affected (P<.01) by sampling period subsequent to implant removal. Mean LH concentrations were higher in heifers fed the H diet than in heifers fed the L and M diets during the first three serial collection periods (P<.01). Frequency of LH pulses was higher during the first three periods of serial blood collection in H-than M-and L-treated heifers (P<.05). Low circulating concentrations of LH and lack of pulsatile secretion could partially explain why anestrous heifers failed to initiate estrous cycles after treatment with the norgestometestradiol valerate combination.
Progesterone was quantified in samples collected at daily intervals (170 to 191 d) to evaluate whether a normal estrous cycle occurred subsequent to removal of the imp/ant. Four of five heifers in each of the L and M treatment groups were not cycling, whereas all heifers in the H treatment were cycling at the time of progestogen implantation on d 160. All but one of the 15 heifers showed signs of behavioral estrus within 72 h after removal of the implant. One, two and five of the five heifers fed the L, M and H diets, respectively, had normal estrous cycles subsequent to implant removal. Treatment influenced mean serum LH concentrations (P<.01) and frequency of LH pulses (P<.01). Mean LH concentration was also affected (P<.01) by sampling period subsequent to implant removal. Mean LH concentrations were higher in heifers fed the H diet than in heifers fed the L and M diets during the first three serial collection periods (P<.01). Frequency of LH pulses was higher during the first three periods of serial blood collection in H-than M-and L-treated heifers (P<.05). Low circulating concentrations of LH and lack of pulsatile secretion could partially explain why anestrous heifers failed to initiate estrous cycles after treatment with the norgestometestradiol valerate combination. (Key Words: Heifers, Luteinizing Hormone, Norgestomet, Progestogen, Energy.)
I ntroduction
Progestogen (norgestomet) treatment of estrual and anestrous cows that were suckling calves has been reported to be effective in synchronizing estrus (Miksch et al., 1978) . Smith et al. (1979) showed that primiparous cows 40 to 60 d postpartum, that were in poor body condition resulting from energy restric-151 JOURNAL OF ANIMAL SCIENCE, Vol. 58, No. 1, 1984 le n before calving, failed to show estrus r having been implanted with norgestomet.
I' Pulses in luteinizing hormone (LH) secretion /as been shown to increase as cows approach :he first postpartum estrus (Humphrey et al., 1976) . Increases in mean serum LH concentrations and pulses of LH have been detected in cyclic ewes before the LH surge (Karsch et al., 1979) . Anestrous ewes treated with small intermittent doses of gondotropin releasing hormone (GnRH) initiated spontaneous ovulatory surges and subsequently ovulated (McLeod and Haresign, 1980) . Similar treatment of anestrous postpartum beef cows induced estrus and ovulation (Waiters et al., 1982b) . The number of luteinizing hormone receptors is high in preovulatory follicles before the LH surge in cycling ewes (Webb and England, 1979) and cows (Webb and Bellows, 1980) . Frequency of LH pulses was low during the midluteal phase of the estrous cycle in cows, but frequency of pulses increased during the follicular phase of the cycle (Rahe et al., 1980) . Thusprogesterone could be decreasing LH pulse frequency. Progesterone also has been shown to suppress frequency of LH pulses in ewes (Goodman and Karsch, 1980) . Waiters et al. (1982a) proposed that progesterone acted as a 'brake' in preventing endocrine events necessary for ovulation. Removal of the 'brake' (regression of corpus luteum or removal of progestogen implant) results in endocrine events that lead to ovulation. These events would include an increase in LH pulse frequency.
The present study was undertaken to compare concentrations in serum LH and LH secretory patterns after removal of a progestogen implant in heifers receiving different levels of dietary energy and to ascertain if these characteristics affected subsequent estrous cycle activity.
Materials and Methods
General. Fifteen Angus x Hereford heifers 16 mo of age that weighed 294 + 6 kg (mean + SE) were assigned at random in equal numbers to one of three treatment groups. Heifers were fed low [L, 6.8 monthly and trace mineralized salt was provided ad libitum. All heifers were exhibiting estrous cycles at regular intervals at the time of initiation of the experiment, and the synthetic progestogen implant, norgestomet, (17a acetox~-11~ methyl-19 norpregn-4-ene-3, 10 dione) ~ was used to synchronize estrus before initiating the feeding of treatment diets. All heifers were injected with 3 mg norgestomet and 6 mg estradiol valerate at the time of se implantation of norgestomet in the ear. The implants were removed after having been in place for 10 d, and dietary treatments, were imposed at this time (d 0). Heifers were fed in three lots with ample bunk space to reduce competition during feeding. Blood samples were collected every other day from d 150 to 160 and progesterone concentrations were quantified to evaluate whether heifers were cyclic at this time. Progesterone concentrations of less than 1 ng/ml serum were considered to indicate a lack of luteal function. On d 160 all [~eifers were retreated with the same hormonal regimen used to synchronize estrus at the time the study was initiated. After removal of progestogen implants on d 170, serial blood samples were collected by jugular venipuncture for 4-h periods at 20-min intervals starting at 0, 10, 20 and 30 h subsequent to implant removal. The LH concentrations of these samples were determined. Single daily blood samples were collected from d 170 to 191. Progesterone concentrations were quantified in these samples to'evaluate estrous cycles that occurred after implant removal. Serum was harvested from all samples and was subsequently stored at -20 C until concentrations of progesterone and LH were determined by radioimmunoassay.
Observations for behavioral estrus were made during 6-h periods between serial blood collections (0 to 30 h after implant removal) and at 12-h intervals up to 72 h after implant removal. Androgenized heifers equipped with marking devices were used as aids in detection of estrus (Kiser et al., 1975) .
Hormone Analyses. Serum LH concentrations were determined by the double antibody radioimmunoassay as described by Goiter et al. (1973) using rabbit antiserum against bovine LH (JJR-RABLH #5) 4, highly p,~rified iodihated ovine LH (LER-1056-C2) s as labeled tracer and NIH-LH-B7 as standard. Intra-and interassay coefficients of variation for LH assays were 1.9 and 7.9%, respectively. The progesterone assay used was validated by Anthony et al. (1981) . Intra-and interassay coefficients of variation were 4 and 11%, respectively, for this assay.
Statistical Analyses. Methods of Goodman and Karsch (1980) were used to identify LH pulses in data obtained from serial blood samples. The criteria for LH pulses were: 1) a peak had to occur within two samples of the previous nadir, 2) the amplitude had to be greate r than the sensitivity of the assay and 3) the LH level at the peak had to exceed the 95% confidence limits of the concentrations at both the preceding and subsequent nadir. Confidence limits and assay sensitivity were determined using the methods of Duddleson et al. (1972) . Amplitude of LH pulses was defined as the LH concentration at the peak minus that at the previous nadir. Serum LH concentrations were averaged during each serial collection period. The LH values (20 to 50 ng/ml) considered to be a part of the LH surge were not included in the average. The analysis of variance for a split-plot design was used to test for differences in LH 4Supplied by Dr. J. J. Reeves, Dept. of Anim. Sci., Washington State Univ., Pullman 99163.
SSupplied by Dr. Leo Reichert, Jr., Dept. of Biochem., Albany Medical College, NY 12208.
concentrations, number of LH pulses and amplitude of LH pulses (Steel and Torrie, 1980) . Effects in the model were dietary treatment, heifers within treatment, blood collection period for serial samples, and treatment • sample period interaction. Orthogonal contrasts were performed to determine differences among treatments. In addition, a simple linear regression was conducted to determine the predictive relationship between weight changes and response variables (LH concentrations and number of LH pulses). Pearson's correlation coefficients were calculated to determine th e relationship between LH concentrations and frequency of LH pulses and pulse amplitude and frequency of LH pulses (Snedecor and Cochran, 1980) .
Resu|ts
Body Weight Changes. Heifers averaged 290 + 9, 298 + 12 and 293 -+ 10 kgin the L, M and H groups, respectively, at the time the experiment was initiated. Weight changes from time of experiment initiation to time of progestogen implantation on d 160 were -17.6, 3.4 and 55.6 kg for L, M and H treatments, respectively.
Estrous Cycle Activity. Progesterone concentrations above 1 ng/ml serum were detected in one of five, one of five and five of five heifers, respectively, receiving L, M and H treatments during the 10-d period before progestogen implantation on d 160 (table 2). Heifers that did not have progesterone concentrations above 1 ng/ml serum during this period were considered anestrus. Progesterone concentrations above 1 ng/ml serum were 13 for all heifers and .12 for heifers that developed corpora lutea after progestogen implant removal. bMeans for all heifers in study.
CMeans for only those heifers that developed corpora lutea after progestogen implant removal.
dOnly one heifer receiving the low treatment developed a corpus luteum thus only heifers receiving maintenance and high diets were statistically compared. econtrast 1, high vs maintenance and low was different (P<.01) at periods 1, 2 and 3 for all heifers. Increases in LH concentration of 3 to 7 ng/ml serum were detected in serial samples of three of the seven heifers that failed to develop functional corpora lutea subsequent to implant removal. These increases resembled preovulatory LH surges but were of much lower amplitude than normal ( figure 1, heifer 8029) . ;Patterns of LH secretion for serial samples are shown for six heifers in figure 1. Pulsatile patterns of LH release were more distinct in heifers that developed corpora lutea, including 
Discussion
Behavioral estrus was detected in seven of eight heifers that were anestrus at the time of progestogen implantation in the present study. There were no distinguishable characteristics in signs of behavioral estrus subsequent to implant removal between heifers that had been cyclic and those that had been anestrus before implantation. Preovulatory-type LH surges of a suppressed nature were detected subsequent to implant removal in three of eight heifers that had been anestrus at the time of implantation. However, only one of the eight anestrous heifers developed a functional corpus luteum subsequent to implant removal. Similar surges could have occurred in the remaining anestrous heifers after blood collection stopped, because surges were not detected in four of the seven heifers that were cyclic. Because the cyclic heifers had a normal estrous cycle after implant removal, it is assumed that endocrine events such as the LH surge occurred. Unfortunately, ovaries were not palpated to determine if ovulation occurred in heifers that exhibited estrus but failed to develop corpora lutea, it appears that norgestomet treatment was capable of acting as a 'brake' and that withdrawal resulted in endocrine changes that led to behavioral estrus as suggested by Walter et al. (1982a) . This hypothesis was based on cycling animals, but in the present study it resulted in heifers that were anestrus at the time of implantation. Therefore, removal of the progestogen 'brake' can result in behavioral estrus, but failure to induce the subsequent estrous cycle.
Mean serum LH concentrations were higher and pulses of LH secretion were more distinct in heifers that developed functional corpora lutea after removal of the implant regardless of dietary treatment. The pattern of LH secretion in the one heifer that was anestrus, in which cyclic activity was induced by progestogen treatment, appeared to be more distinct than that for heifers that remained acyclic. The LH secretion in heifers that developed functional corpora lutea was adequate to stimulate preovulatory follicular growth and the subsequent cellular luteinization after ovulation. Secretion of LH was apparently inadequate in heifers restricted in energy intake to a degree that normal follicular growth and(or) subsequent luteinization did not occur. Results of Webb and England (1979) with ewes and Webb and Bellows (1980) with cows showed that LH receptor populations increase in preovulatory follicles before the preovulatory LH surge. This indicates the important role of LH in follicle maturation. Administration of GnRH to anestrous ewes (McLeod and Haresign, 1980) and cows (Waiters et al., 1982b) induced pulsatile LH release, ovulation and subsequent estrous cycles. Therefore, it appeared that inadequate LH secretion could be the reason that anestrus persisted after treatment of acyclic heifers with progestogen implants.
Treatment with a progestogen implant induced a normal estrous cycle in one of eight heifers that was anestrus at the time of implantation. These results agree with those of Smith et al. (1979) in which treatment of anestrous cows with the same hormonal regimen used in the present study failed to induce cyclic activity. Cows in the previous study were in poor body condition due to restricted energy intake before calving. Heifers in the present study were also in poor body condition. In an earlier study, treatment with this hormonal regimen induced estrous cycles in anestrous cows (Miksch et al., 1978) . In the two studies where nutritional intake was restricted, progestogen treatment failed to induce estrous cycles. Therefore, body condition may be important in determining the efficacy of progestogens for inducing estrous cycles in the anestrous bovine.
